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TW» hwitfon rdales tD a«oGd diug dbpen^ dsvioes and. in pw^^ 
thosftde«iees ta iMMch {tamttajlDgkaSy Bc^ 
ftm wMeh Ihe dose b Ihen dbpenaed as on aeresoi cpray. 

Itnww aerosol drug dt sp en st ng dawlces tew usad a iBinriiw 
meara fer ocsflng a negaSM pressue behtad e pedtoote tnemb^ 
of a spray head, m oidBr thai a data of p h a w a cKilog tran y acava Dquid can ba 
dhpensad OS a spray, the perforata nwmtiane iTKtst ba BdiAted (o caiao 1^ 
ffMu^ the pedbreta meiabfana* 

Piavtouriy. the p a ftmB aiiiauib iw l iiu baan acteiM by wI Lmlh i y i i i eaiia and 
lha pmninon tha fiquU sMa ol the perfciato membia^ 
piiiHTorii npanift i u i3fT * 't|T*"**'* **'**** ^ TheuBN9a(tohavapRMadtDbaeofn|ileot 
and lha dB ^ it aa aw dMtafl la iiia fl U ll BCflBa» 

OureaiByfcitwmtiDntfpBteidapplicalteaWOBSrtSI OT . dh ^ ^ 
apparatm havino a perftmta membrena ihraMBh wMt^ Tt» 
pertorata menibrana b provldad wBh a numtier of perforafiorts havho e 
iiamely a targtf ODSs^ecikMd area Bt thtf Ito ol tha fnembrana BMoy (>iMn 
Bquid droplets emerge iten St the oppoittB iaoB o< the membrene. 
face flquld flbwt hn use to icptaoa that In me emerging drapiat spray. 

The prasertf Imenllan tina to ovvrGonia the aboM pnl)len» 

tecndlrv to na preaard imeriliorv ten IB proAM aa aaraaol dn« dbpembio 
davloa to vMdi a oialaiBd doaa G# a itamiaoakiMy acflva Dqdd b pv^^ 
tMU«nscfwktarnwtMthadoaabmantfbpafsadasanaenBalapray. 



of tto pcftoala fflenAfana to causa Gqtdd Bov thmi«h the perfbrsto me^^ 
peribratomembfawhavtoBpeftofatkrohawtogaiweraatapar.rBmalyahi tf o u c iaa - 
secltosil area at that boa «^ (ha a«rnbrana away tarn wfadi Bqtid (faopleta amei^ 
then at Ihe oppose face of the rnerxdvane. tforaetabed to Sat 

the hcftlhg reservoir b dispoaad to a dtarrter harring a mowatia surfacs to the 
foRDGfaresBertfcfiaprv^jm wtiitfibsbctdiBbieDvaiythevoluraaaCaiidthuBatiQuit 
the pressn k\ lha c famb ey Id pruidda a ijessura diSercntbl a 



a on 9ie opposBa sfda of Ow peiCDralB 



BBBnliBldw»leab ar i a np a d toeontidlha iaa liiin B oKhaia aM e rt ^BphiaMro 



. toMsway.lhadSBferilBlpressumeanstoiplyandaooirata^baooriti^^ 
thBtthaiaqMfcadpragufad lB wenmbBagByi^^tli^^jJ. 

PUftmUy^thaiaiBantdFaptuagni b biinad bwHan ahulMiiaiic matoW Btid) 



Piefemtity, lha ciiafliber oontslns ana or mora valves fbr oontrofltog tha Irlet 
andtaroutiatof fhiSds tom tfw ctwrtbef. 

Tha cufiUul devloa may ba a raciprecallng plunger aMcfi b comertad to tha 
resEent tfiaptvagm wjlatiinSaOy at the centra. 

Preferably, the lesiaenl dtaphragm b dampad by a apny head aaaamWy 
GubstanliaOy a) its outer edge. Sealtog means such as an O^tng may bo pnMUad to 
erBura no fltdd flowa past Qia laslDent dbptuagm. 

M antedtoMM of V» praaani bnorriton «n now ba danlbad wmi retam 
. 0ia aoconipsijflnB AvidnBSk to wNdc 

Rg. 1 ihowaaasBasae(tonalsIdavk«»ofade« 



Ros. 2 to S show suooesslva stagea durtoQ operatton of thadto^ea of Rg. 1: 

Fig. 7 shows a tieger cfacuB tor flontnBng tha dbpendr« of lha 
jjuBiriia cQ io oKai y dumb Dqiaat-ana 

Rgs.8aandabBtosirate.haactbapiateiiadtennaoflhe p ei lu i a^ 
far file de^Ace of Fig. 1, 

As can ba seen from Figs, ito t^. a Aug d bp cns to g d e w tee 25 fanntog part of a 
dnjg defwery system has a holtow castog 1 to aMdi a reaamcUr body 2 b aSdafcriy 
mountod. AspfsyhaadmounttogasaemfalySbaBaGhadtoanaand^SiaGastoBl.Bia 
nioudtog anambly 3 eomprbhg spray head ossenbly 3^ danptog maana 4, 
dbptvagmdbmpllaandBealU. AmatoiatiansprtogSbprcMdedbabmenaraoasa.. 
29 h tha casing 1 «td tha leoenMfr body 2 to support lha resena* body 2. Uasaed 
towafda lb topmost posUM (as ahMm^ttdthin tha castogl. T)* lasencfr body 2 b 
amaUe belMeen a-IM and aeoond pesStan wtlMn tha cBitog 1. 

The raservD* body 2 has a reserwfr eavtty 6 to whW) a Eqidd dn« 7 b itaad 
and whkh can be topped^ip vto a rv-(B port 2X A (ftv«er 8 b provided wil»n the ' 
reservoir body 2 and extervts out the t^ver (as tfnMi to the 4Mas) end of the 
fesa^ body 2. oicfi thai a eigages tdth a cap 9 ■Mel) oxm the tnp o< the devioa 
2Sl a pa«9er return s^Ktog 10 bproiAfcdwtdiftaiiendi tarn tfia resent 
biases the pajnger B out of the reservofe cavQy A. 

Ameterir^ ewOy 12 b provided ailho toecrendolOtoieiefWk cwBy Band too 
octoAvMvBy 12 b to Iqidd luiumair oUsi ^ o ono^aay baB vtm IX aflh a 
dtipeiirtv oM^iriiortidwMprowMadwgadnthai u w uus ioftooieaenw^ An 



I 



2 



ebslon«fc diapNaam » b piwMed amir^ 

md blDbiQd si to oubr adbs to IhB adr« 1 by Aphngm damp 1U and a seal 11, 
wWdh i» an C>A» tD dBfcie. tootther 9» 
chanter VI. 

• erattrtraw 1B«l«»,ioQ«Bief wm fliatoawpoitto 
head nwflrtkiQ essambly 3 and »» dMteneric dJa^^ 

Tha «n«nbf»ne 16 b retoed by a «eaJ 17 and b prewWed wBh a pwftxnta 

««»(t>W>a hcWne irawv* IBb prw*^ 

thD«Bipenslnoaif>duft»tii»t4lnu5e,7T»p«tDrat8port^ • 
h»peffvat)ons5O(saeFt0s.8aend6t>) of orewwao toper and Wsbdaacrtbadbi 
gresterdatafi wUh rsteanoe tD 8a and 8b. 

The apiiy head mountbiQ assejrtJly 3 b pnMdod wim a danip^ 

• iBadS«tolhediainberV1.eiWPiwwy«dnuslw*«20ftanl^ 
a aaoond onaiaay aadoiHt valw 21 ftom «• etiambar V2. 

1 iho»»iad»toa5almlpftar toraeleitaa BpredaMtoDO^ 
HottieholdIr«resefvolr18L In fWaatalatWhlha main latonaprtng Sand the pfcwgar 
fabanqulng 10a»adBBdedaeB1fteiaMi wj l r bedy2andlh»ptogBr6hBWbeen 
p.,^,^ hily uiMBMriK ftqahttl chwtari Stw (nrt »hOwn). 

The el aUu ii i a ite d Utf a^ IS baaefc^ttwn lb iwn»IVtbt stated 
aianexUbw8l,aepamlli«SialMd»nlMfaV1andVl THasadrantanaiaMibOy 
etambtent piwsOT and fta padbwOoitt SOh<hapeifarrtB po^ 
am diy and open. 

TheopeinUonofth»dai«lca«hB»m bRQ. 1 •« newbadBieifteda«hi«fe^ 

tonga.2to6. 

To Wttata openiflon of the d8*loo 25. the cap » b pretaad dowwaw* 9a (aea 
2). The i»s«w*l»dy2andlhB(ftBV'»aMiKWaddawii^^ 
ihB same rata oonviWBhQ tt» nlimi «p*ro 8 w« 

pliysialstDpt2B. AlWiata8»«»*»«»^""*P*^'^'"**™*P**^'*'*'^ 
dMtopmtaad. TtwtowmendoJftadhpenalnocondiAorbAoMbnwf podHoned 

does to tfia inner RurfMe ef lha mambnna 16. 

TTwnsefvafr body 2 lbn» an aiMlgM coding seal with (ha casb«1. Therafcra. 
8ilhaiBaafVc*body2dBsoendfcflirbdspbcadlhwithactian*erVl.i^ 
on»«ayB3daurtva)vo20aixJlh«eJastDm«fctfiaphreom15ret^^ 
• abmtMatate. Atthe«aii)etime.Blrb<feptecodfttjmlhoehainbefV2 Ihrous^ilha 
aeoond one-way ndtaust 21. IhRwgh the dampino «alva 1% and ttvoush tho 
perforate portion 27 of the mefflbrane 1& 



M can ba ae«n in Hq. 3. onoB ihtt lesendr body 2 has reaehod tts ptiysbel 
,^ga.ftalter deuaail i u nolthacapO uMiffeiw thaphWBarmtufn«p»inoiO. TTib 
pushes 6a the plw«er B into the meteitiiO eauBy 12 (sea FlQ. 1). ThapiunoerBb 
proMhlad vrith a piunger seal 24 engages Mrfth the tide wa& 
cavliy12totoiTne«eaHhefwRh. IhstfapaometaiBddoseolthaMddiwa 7lntha 
nietarfi« cavity 1Z The eeaftigpreasura of the ptungor seal 24 againsl the ride-wall 
i2aafihemeteitngcsvSy12bgreatarthanthe8«aBngpressumof(heebstDniertcb8a . 
valve 13 agiM Ihs ball valve Mat 13a. Therefbre, as the ptunger 3 b depressed 
tunher. the bappod dose <rf ikMd dnjQ 7 b dbpfaoad fan the ineteA^ 
13b the on»wy etetonwfc boa vah« 13. through tha aspenslng 
andintDthehoidbvieservofria. The holding reservoir IB has a sidawaB 22 wMchb 
either coated wtlh or IbniodolPTFE. bithbcon^BurattnaDoftheporfcraltanaSO In 
tta perfersto portion 27 of membrane 16 am now ooMared with ftiidd dn« 7b. 

Orn tta cap 9 b fabaaed, aa flhoam In Rb> 4, A* Pitvisar ratum spring 10 
attfto to eiqiand, pusttfrv 8b the pkingsr 6 Old or lha mabilno eawt^ 12. thus ema^ 
a paHMvacuan bite metering cav^y 12. The ataatamailc baiinba 13 lemakia 
dosed. Tliaplui^ielumBprtno10b«bono«i»J^to«i»«w»«^ 
eo B8 topush 8b the 1*1^8 dear of the metering cavity 12 iMQ B reaches e phyM 
itop(no«sho«nX ThbpertWvacuwprasauro reduces as the pJungor 8 ta (withdrawn 
8b from the metertng cavOy 12 untt the prwasa drop ocrosa the pbmger seal 24 
BUCNKb the ceaQi^ pressure i«8hst Om «id»^ 12a of Ihe metering C3>^ A 
Bmall arnourt of DQidd *U9 7 can Ihari tow past the plunger leal 24 hto the metert^ 
cavity 12 as the piw^Bb withdrawn ebu The metal retomcpdng«b ebb to extend. 
puaNrv 2b the reservoir body 2 tpaarda as ihmm In Rg. 9. IMi then cwaas tha 
diambera VI and VZ to expand and the eb8tannrici8Bphnom 19 to cMdL 

Air cannot enter 9aw^ ffia ona-way valMa 20, 21 or ttWHflti 9io parforato 
portion 27 of rnan*cana 16 as ttb partarallaRS.SO ara near ccMfed by Iquld ^ 
Tha paribrauons 50 redst air ii9»i beoauca or fta Burtaca tenston of B» Iqidd dm0 
tointog maMaoastltopaftaratlons 50b the perforate porllm 27 and lhniftaa. M 
toaciwnbaa VI and V2e]9and. the pressures wllhto those chambendacraasabelMr 
ambtent piassura. ibe raaaivolr body 2 oonllnues to move i^iwards 2a unlH tha 
restoring torce of the mrin return cpibg 5 b ataBed by the oppoeinB brcas craelsdr'to 
them8b.bythenegB9vepressi0esln1haGhambaraV1and V2andby6«temlontn 

tha alastomeric diaphragm 15. 

When the danpk^ vah« I9btti9y dosed, no air can entarihodwmberVI and 
so the main retwn sprtng 5 will not axtend far before a b tbitod by the negatJwa 



rcnCBaiMVM 

I In the dontoen VI. V2 and by tansim In tm d as to m eite 



IS. 

>towever.whcBthed a ii»hgvalw19bdlghl»fopeaBwBaBo«fairteeiteltte. 
andc u maw e ly «dBudftBm.ftadiantoarV1 al a rate detamAied by the rasttitag 
5 Ito of the mab latum firing 5. Theretorflt as temab return apring 5 pi^ias the 
raservob^ body 2 ivwaris aa. tha vokana of dnrdber VI expands 81 a oontroOed rata 
unlB (he rtservo^ body 2 reaches a predefined physlca! stop (not dmm) (see Rg. 6). 

The main return spring S Bbo causes the dastomeric dtaphragR) IStoatnatch at 
a contrdbd rate wtildt, b tun. causes the Mluma of the chantoer V2 to expand 
10 asittofled rata. The pressuewiOiin die Uiaiutai.V2beH^ the spny head aasemUy 
3a tharefore reduces at a oontioBBd rata. 

TTv physk^ stop (not dmn) tar ll» upward rnflMrncnl or to raaarvob* bod^ 
2 Mb the extendon of the sttatdied abstomark dbplaagm 15 and dsflnea lha flnil 
voUnadwigaeltoadianberV2a)dthuattatoigetnegdlvaprea3uaacMaMadhV2. 

19 AllMsdsga.thapn8suntaOiadambarV1balaffltatattprassuia. 

Theretoe. the net restfib BiBl fta terBBt CoperaJin8)negatlvB passura. wHd» 
b doaa to tfw bubUb pebtpfessum tor the spray head asaaraby 3a (the bubbb point 
pressure bebg ttw pressure difbrentbl at whldi^ biiiiio enter the chamber V2 
Ibough the pertaratkns.SO In the perforate poiten 27. by overcorrino the sufaa 

20 tartsim of Ihe rnenbd of Bquld '*><^^ ^ ' c^'*^^'"''^ 
be^ Inoasted through the merrbrane 16. 

H the negafive pressure to fte chamber V2 b generated loo iv«*ly. iB- 
openbg tte dampbg valve 19 too far. then the wCaoe.terj^ tt tha iqdd Aug 
oowtng the p e ilu i atto i ii h tha pertorate ponton 27 of tha ntembana 1? «« be 
. Akwaitoibab«BSttdrepld)y8iaughttiaparfaratopatfDn27.henoa 
I tte negaSve pRssore ta ito ctantoar V2. to tha afasanoa a naga»re 



nshodd bambd Ool the rate or air aMdon and eidaustbntbou^danpbg 
v8l«al9bii«Jdibss than titrate of eiheuatiorithiouBh the A«t oneway esdeudv^ 
20. 

An cbcbw^ uMiiJticiiu * 30 es shown bF|g.70ig9qs the deftly erf the itydd ' 
drug t^nugh ttv ^l erf uate ponton 27 of the m e mtgan e 16 by oorftoBng membrane 
actu3tkigaKarsCnald)oim)sudi8spiBZsdbctricafiyadN3ted«br«kTg(neans. The 
cnrtni tystsxn uses a sin* hcl wka enemoineta 39 to acrdbr ek fiow tato the dnig 
deAvoysystsm. Iho anemBnatar 39 censes v*en a potbrd b btaing and bytog to 
bigger Sia spray head deAwry. 



Tha maxtanmi iprt« toad of the ptoger rebm spring 10 prelerably dwdd irt 
sxeaad20N. Tffattierdbre HmtoftatoraaSBtausar mud axait to order toi9«ato1ha 



. Thepte^arrebanapringlObprataadedandWspretoadahoiddhagreatorthan 

IMftdlyeompressadtaedbthamdnratomsprbgS. TWs ensures that the resenwh- 
body 2 b toDy down a^ral tts phydcd dop 28 before the doea b metered bto tha 
hddtos reservofr 1& Ifthe dose bmatorad bom Ow(ispendngapcrbire 14 when tha 
reswvoir body 2 b not ftiiy down, bD or part of the dose may mha the hcfcflng resenrt* 
ia TTiotargd negative pressure b the chamber V2w0 then not be readied when the 
ay ab released because the p er ftaate uhtoa p ai toiate p or ti on 27c< toe membrane 

18 wiD rem^ dry and open. 

Aa lha plungar 8 b wahdiwm 8b tan toe resenmb cadlsr 12 a partid «ar»on 
bcrestodbehreanihe dosed oneway ebdomartebelMnlva 13 and tha pbaigaraeal 
24. ThaapibgtoitarangaafftBplunoarrehanapringlOmiBlbeaidliderdtoWtoe 
ptur^er 8 out of toaieservoir cavfly 12 aihen «« cap 9 when Ihe cap b lalaasa^ to 
ordertoaaatoapm8uedBMaiioaaGns8thepiungerse8l24(betweenthefiqidd<kug. - 
7 to rMemob cavity 6 and toe dadomeric baJ vBNe 13) wWdr exoeeds the seaang 
pressure of tha plunger eeal 24 again** the dde^ 12b of the reservoir cavity li 
UquM drto 7 b llw above to (tow past toe pfainger aed 24 and into the reaanclr cavity 
12 as 0« plu(«er 8 b wBhdrewn Bb. Thb has the odvantage d mbto**^) toam 
genersrtion vi«hto tt» taavdt cavity 12 capecblly e^h Ovdd drugs oontalntog 
surfadarts as part of ttieir famubtiorv 

Tlia spring brce range of the nab rebanapAv 5 mat be sidBdBfd ton the 
iesefw*body2^alndtheneBaBveprassorasger«rBteda«*»«iedamboaVl,V2, 
B« s&Bld*« ol the e bs tom e r te dbphragm IS and toe bidbn of toe rtdino ecal- 
bdween the reseivob body 2 and tha ca^ 1. 

• 'p^i «>Mw* .||iwi«ti *« »h i» iinff«^**» s lP'" ' *** * fc*tiJ4^^ lS..whid>ba cW Bv ed wtien 
(ha reswdir body 2 b al resl. east be Hph eitou!^ to mdntato toe' target negabve 

(hatrwsativeprasse. TWs tanstonaJ Corce must no4 be high e«»«h to provert toe 
oab r«wn ^xbv 5 ftwn Cfting the reserwiir body 2 up agaM toe preibiejiiitnj 
pftysical stop dtftog the generaSon trf the negatkre pressures. 

to cwwnary. the cxtefHtoo faroe or B» (*xnger reoon iprtng 10 b greater Iran 
tfe octenslon ttwe of the mato return tprbg 5 wWdi b yeater toan toe tenstonaJ broB 
of toe e bitom eric tCj^Jyagm 1S^ 

From F|B. 7. a on be seen thai toe cnr*d eiwil empivs b« opeiationd 
am;«Sers(a|H8nps) 31.32. wWd»cans>wrycaH»«wea9esovertoaMlpoa«ran]p(y 
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««^le.b«t«Kot^P»Pl<y«fla9.Vte«*^9»«n^ Q|h wp at bbi d osed 

9»op«i»S2«Wd»beM«9iwb»a^«aa9eeonipa^ "Hw compenitw h • 
5 iwttBl*^ dwIOB lia*« • measuwnient fcjput and • refw«» Input When Iho 

ncfmiMBei n ^pHaBa ObW^ than the reference vo<^ 

.ap«np 32 fNftdio torn GNO to Voc 

. CTaa»ottNa»pag»\weDfcnownfciiuwaii«neay. Hcj*<rmf the dreuScf Re- 

7 «how» a itaviB btvtomcntalion 0* 0 c*tuB iirt^ 
10 low rates <rfcft8fVeo****- The RC Om© constart usad tof 0» retaenoft wottao© 

M b Brt » can iwpond. In a damped manner, to Bltwly vajy^ 

at dw«a h ambient eondaiora and to the nornud bwatHno «* • ptfient- 

Thefiftw. the leteenoe vdtaae 34 b ln»a^ 

durt^thopaflertWiatafloneyela. Tna m8««mnartwaao»33 «P- 

IS «iy32b«Bibnu ab d«lBnalftqntlhBWtW3trton9bri^ 

rrt hBW • lono Ow «r«« IDlef wd to iMCto dlndly.««h tha paa^ 

(he p«fcrt hMtes 8 iidBderttif Mflh iidumi 1^ 
«tt^33itf Bweedfteirtnnoe wBaseMduB tethe<Htbren« In tto 
elttwwftfBMaandineasuiamertwaaoBa. In orter «« W» tD happen, a cartah 

50 ftrtshoMd»»t» of change of elrttow mud lie extuodad. When the measiacmeid 
weaoaSSexcMds the raferance M9ltaoe inpul34, theie «□ be a tf)^ 
ctata at the ousput 3& since Ihe ODinperatnr cbcuft doe» ne< hove any fieedba*, B b 
ciMBJfr^tt 8 hJQhoah mode and ao has ortybw output «talBa,Oir end Vtic. Tla*!! 
b possibb to ooupto thb drtajii dbectiy to TTL togfe devloea. 

25 T\iov8ibbbresbtDfs3O,S7 8feprawlMiM»)ln0»eo^ Itia 

. i«tebbresWw38hthBoonipafttorbu»BdlD«?U5t«»bfM*ri«tb«i^ 

d»^afpslbf«e1nhBtaaon. Th» «Dort wrtrtto iyrfrtor W. to «io Miealrtone 
M»a.bpi0^t»ealth>tan»efrti0aaflha iii ie»iiuiiii te f aam e rt 3BandbuMd 
30 toeellhaii^nhwmnteoftfangerfalrftaielhallhaek^ llwi.8»a. 
■i^BlniartbilkwaNbh degree of ItaBaftfhOiah^^ 

A Md dbcS iranabter 38 b used to oBer th» fefofanea mtto ol the Wheststm 
brtjga thus enabb^i Of dbabflng the air Oa» sensor vta "ENABLE". *h IWs way. the . 
35 powwai«LOvten<rfl*» control ciraja 30 b reduce 
useM opeiallng iBe When pcwered by boBertes. 



ngura Oe il w w gi m i w i ttJi i BldmiiB ofolhil 
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